Background: Laparoscopic liver resection (LLR) has been considered to be safe and feasible. However, few studies focused on the comparison between the anatomic and nonanatomic LLR. Therefore, the purpose of this study was to compare the perioperative factors and outcomes of the anatomic and nonanatomic LLR, especially the area of liver parenchymal transection and blood loss per unit area. Methods: In this study, surgical and oncological data of patients underwent pure LLR procedures for malignant liver tumor were prospectively collected. Blood loss per unit area of liver parenchymal transection was measured and considered as an important parameter. All procedures were conducted by a single surgeon. Results: During nearly 5 years, 84 patients with malignant liver tumor received a pure LLR procedure were included. Among them, 34 patients received anatomic LLR and 50 received nonanatomic LLR, respectively. Patients of the two groups were similar in terms of demographic features and tumor characteristics, despite the tumor size was significantly larger in the anatomic LLR group than that in the nonanatomic LLR group (4.77 ± 2.57 vs. 2.87 ± 2.10 cm, P = 0.001). Patients who underwent anatomic resection had longer operation time (364.09 ± 131.22 vs. 252.00 ± 135.21 min, P < 0.001) but less blood loss per unit area (7.85 ± 7.17 vs. 14.17 ± 10.43 ml/cm 2 , P = 0.018). Nonanatomic LLR was associated with more blood loss when the area of parenchymal transection was equal to the anatomic LLR. No mortality occurred during the hospital stay and 30 days after the operation. Moreover, there was no difference in the incidence of postoperative complications. The disease-free and overall survival rates showed no significant differences between the anatomic LLR and nonanatomic LLR groups. Conclusions: Both anatomic and nonanatomic pure LLR are safe and feasible. Measuring the area of parenchymal transection is a simple and effective method to estimate the outcomes of the liver resection surgery. Blood loss per unit area is an important parameter which is comparable between the anatomic LLR and nonanatomic LLR groups.
IntRoductIon
Laparoscopic liver resection (LLR) for liver tumor was firstly reported by Gagner et al. [1] in 1992. The first anatomic liver resection was performed in 1996 [2] and had progressed greatly in the last two decades. Initially, LLR was considered for benign, peripheral, and small liver lesions and was carried out by experienced surgeons. Compared with open liver resection (OLR), the advantage of LLR procedure is less blood loss, less complication rates and shorter length of hospital stay, lower incidence of repeat liver resection, and with no difference in oncological outcomes for malignant liver tumors. [3] [4] [5] [6] [7] [8] [9] The safety and feasibility of LLR had been proved by a series of studies. [3, 6] However, compared with other domains of laparoscopic surgery, the hepatic surgery has developed slowly. The techniques of parenchymal transection and the fear of uncontrolled bleeding might be the biggest obstacle for young surgeons to perform LLR. [6, [10] [11] [12] Recently, with the advances in surgical devices and perioperative management, an increasing number of reports in LLR was published, including complex pure laparoscopic anatomic segmentectomy and major liver resection procedures. [13] LLR is thus considered to be a curative and popular therapy for malignant liver tumors. [3, 6, 10] Anatomic liver resection is defined as the complete removal of at least one Couinaud's segment which contains the tumor. [14] It has been advocated that anatomic liver resection might be a potentially better procedure for a malignant hepatic tumor in the open liver surgery. Consequently, malignant hepatic tumor spreads mainly by portal vein and vascular invasion. [13, [15] [16] [17] Anatomic liver resection allows the complete removal of the main tumor and possible venous tumor thrombi, theoretically. [14] Therefore, some authors believe that the anatomic resection technique could minimize the loss of functional liver parenchyma and ensure an adequate surgical margin at the same time. [13] [14] [15] [16] There have been some reports comparing the anatomic and nonanatomic procedures in OLR for malignant liver tumor. However, to our best knowledge, currently there is no study focused on the comparison between the perioperative outcomes of anatomic and nonanatomic LLR. In this study, we prospectively collected a database of patients who underwent pure LLR for malignant liver tumor by a single surgeon. The aim of this study was to compare and analyze the perioperative factors and outcomes for anatomic resection and nonanatomic resection, especially the area of liver parenchymal transection and blood loss per unit area, which has not been mentioned in previous studies.
Methods

Patient selection
From October 2010 to June 2015, 423 patients received liver resections at Peking University Third Hospital. A total of 301 operations were performed by Prof. Dian-Rong Xiu. Moreover, 84 patients who received the pure LLR procedure for malignant liver tumors were included in this study [ Figure 1 ]. Currently, there are still no widely accepted indications for LLR. [3, 8, 18] We took the tumor status (size, number, and location), the hepatic function, and the patient's general condition into account to select the type of liver resection procedure for each patient. First, all patients received the LLR procedure, at least for exploration to exclude the disseminated metastasis, except for those who had follows conditions: (1) a tumor was with a portal vein thrombus; (2) a tumor invaded into inferior vena cava; (3) the predictable future liver remnant was insufficient; and (4) the operation needed biliary reconstruction. The decision to perform an LLR anatomically or nonanatomically was based on surgeon's experience. However, we considered more than 3 lesions located in one single segment or lobe as an absolute indication for the anatomic resection. And an exophytic lesion was inclined to be local resected. Liver function was estimated by Child-Pugh classification. All patients selected for LLR were categorized according to the American Society of Anesthesiologists' (ASA) classification. Regular follow-up was carried out for all patients. Disease recurrence was defined as an enlarging lesion revealed by computed tomography scan or magnetic resonance imaging. This study was approved by the Peking University Third Hospital. All the patients had signed consents before the operation.
Surgical procedure
All patients were under general anesthesia. The position of patients (supine or lateral decubitus) depended on the tumor location. The intra-abdominal pressure was maintained at 10-12 mmHg (1 mmHg = 0.133 kPa) during the operation. Four or five trocars were used, and the insertion site was determined by the surgical requirement and the tumor location. In this study, the pure LLR was defined as a liver resection conducted under the laparoscopy and the specimen were removed via a small incision extended from the insertion site of the trocars. [10] Nonanatomic liver resection When a nonanatomic resection was performed, we aimed to remove the tumor plus a rim of nonneoplastic liver parenchyma [ Figure 2 ]. The corresponding ligament was divided firstly to ensure that the liver was movable. Then the tumor status was explored, and the demarcation was determined by the intraoperative ultrasonography probe. The intended surgical margin was considered to be 1 cm for hepatocellular carcinoma (HCC) and 0.5 cm for the metastatic liver lesion under the ultrasonography. Finally, the monopolar coagulation devices were utilized to perform the parenchymal transection. 
Anatomic liver resection
To perform an anatomic liver resection procedure, we firstly divided the corresponding ligament to expose the target segment and achieved the Glissonian pedicle at the hepatic hilus [ Figure 3a and 3b]. Identifying and isolating and ligating the corresponding hepatic artery, portal vein, and bile duct were a technically demanding and dangerous step for an anatomic liver resection, and surgeons must consider the variations of the biliary ducts. All the patients received a preoperative magnetic resonance cholangiopancreatography to seek the possible variations, especially for patients who was expected to undergo a left hepatectomy. The variation of right posterior branch draining into the left hepatic duct was reported with a rate of about 4.15%-19.1% of the population. [19] The Glissonian approach during hepatectomy is a selective vascular clamping procedure associated with low rates of technical failure and complications. [20] The control of the Glissonian pedicle depended on the type of procedure. [20] [21] [22] For the left hepatectomy, we performed a Glissonian intrafascial approach by opening the Glissonian sheath and dividing the hepatic artery, biliary duct, and portal vein, respectively, to avoid misligating variant bile ducts. For right hepatectomy, right anterior or right posterior segmentectomy, and left lateral segmentectomy, a Glissonian approach was applied by clamping the entire Glisson sheath supplying the target segment or sector before liver parenchymal transection. [20] Successful clamping was defined as the appearance of ischemic demarcation on the surface of the liver [ Figure 3c ]. Second, we recognized the ischemic demarcation and marked it as the transection line [ Figure 3d ]. Then, we transect the liver parenchyma [ Figure 3e ]. The clipping of hepatic vein is the final step [ Figure 3f ]. No Pringle maneuver was applied in this group.
For parenchymal transection, we used monopolar coagulation together with the harmonic scalpel or a thermofusion device. To achieve and isolate the hepatic pedicle, a right angle laparoscopic forcep with 10 mm in diameter was used as shown in Figure 3b . Intraoperative ultrasonography was a standard technique as a guidance to localize the tumor and to determine the transection plate. The amount of intraoperative blood loss was estimated according to the volume of blood collected in the container of the aspirator and was recorded on the electronic anesthetic note.
Area of liver parenchymal transection
We focused on the area of liver parenchymal transection and blood loss per unit area, expecting to estimate the blood loss of the surgical procedure more accurately, to compare the two types of liver resection procedure, anatomic and nonanatomic resection. The area of liver parenchymal transection was measured by the Image-Pro Plus software (Media Cybernetics Inc. Bethesda, MD, USA), using the images of specimens. The procedures for measuring the area of parenchymal transection are shown in Figures 4 and 5. The area of liver transection plane measured in vitro might be smaller than the true value; however, we measured and computed all specimens using the same method. 
Statistical analysis
Categorical variables were compared by the Chi-square test. Continuous variables were expressed as a mean ± standard deviation (SD) and median, range. The normal distributed variables were compared by the Student's t-test, and others were compared by the Mann-Whitney U-test. All statistical data were analyzed by IBM SPSS Statistics 20 software (IBM SPSS Inc. Chicago, IL, USA). Values of P < 0.05 were considered statistically significant.
Results
Demographic characteristics
From October 2010 to June 2015, 301 liver resection were performed in our department by Prof. Xiu. Among them, 159 patients received pure LLR, 73 patients received OLR and 69 patients received hybrid technique (defined as a procedure which starts as a laparoscopic procedure to isolate the peri-hepatic ligament but the resection is performed through a minilaparotomy incision). [12] In the 159 patients who underwent pure laparoscopic resection, 84 patients were with the malignant liver tumor [ Figure 1 ], including 52 male (61.9%) and 32 female (38.1%). The mean age was 58.6 ± 12.7 years. Anatomic resections were performed in 34 patients, and nonanatomic resections were performed in 50 patients. Types of liver resection are shown in Table 1 .
Most preoperative parameters, including age, sex, body mass index, serum aspartate aminotransferase level, serum alanine aminotransferase level, international normalized ratio, total bilirubin, albumin, Child-Pugh classification, cirrhosis status, ASA classification, and number of hepatic tumors, were similar between the two groups. Patients who underwent anatomic resection had a much larger tumor size than patients with a nonanatomic resection (4.77 ± 2.57 vs. 2.87 ± 2.10 cm, P = 0.001). Demographic features and tumor characteristics are summarized in Table 2 .
Surgical and pathologic results
As shown in Table 3 , patients who underwent anatomic resection had a longer operation time (364.09 ± 131.22 vs. 252.00 ± 135.21 min, P < 0.001). The two groups did not differ significantly in terms of intraoperative transfusion rate (11.8% vs. 20.0%, P = 0.320). The surgical margin in anatomic and nonanatomic LLR groups were 9.50 ± 8.91 mm and 6.45 ± 6.24 mm, respectively, with no significant difference between the two groups (P = 0.225). Although the average blood loss in the anatomic group was greater than in the nonanatomic group (623.53 ± 607.31 vs. 389.90 ± 553.48 ml), no statistically significant difference was revealed (P = 0.072). The area of parenchymal transection was larger (88.77 ± 66.45 vs. 32.15 ± 34.67 cm 2 , P < 0.001), and blood loss per unit area was less (7.85 ± 7.17 vs. 14.17 ± 10.43 ml/cm 2 , P = 0.018) in the anatomic LLR group. The pathological diagnosis of the liver lesion in the two groups showed no significant difference (P = 0.214). No death was observed during the surgery.
Linear correlation analyses showed that there was a positive correlation between the intraoperative blood loss and the area of parenchymal transection in the nonanatomic LLR group (n = 49, r = 0.558, P < 0.001). A similar result was found in the anatomic LLR group with a weak association (n = 34, r = 0.424, P = 0.014) [ Figure 6 ]. Although no significant difference in terms of the intraoperative blood loss is revealed in the two groups, the nonanatomic LLR group is associated with more blood loss compared with the anatomic LLR group when the area of parenchymal transection is equal or more than 30 cm 2 [ Figure 7 ].
In all 84 patients, 45 had HCC and six had intrahepatic cholangiocarcinoma. The remaining 33 patients had metastatic neoplasms, including colorectal cancer, neuroendocrine tumors, and other metastatic lesions [ Table 4 ]. Twenty-one patients in the anatomic LLR group and 24 patients in the nonanatomic LLR group had HCC, and there was no statistical difference.
Postoperative results
We compared mortality and morbidity data between the anatomic and nonanatomic LLR groups [ Table 5 ]. The 30-day mortality rates were zero in both groups. Four (11.8%) patients in the anatomic LLR group and 5 (10.0%) patients in the nonanatomic LLR group suffered specific postoperative complications (P = 0.797). Ascites was observed in 3 (8.8%) and 4 (8.0%) patients, respectively (P = 0.893), and biliary collection was observed in one patient in each group (2.9% vs. 2.0%, P = 0.781). The incidence of general morbidity of the two groups did not differ statistically either (17.6% vs. 12.0%, P = 0.468). The average length of the hospital stay after surgery was shorter for patients in the nonanatomic LLR group (7.5 ± 3.5 vs. 5.9 ± 2.5 days, P = 0.014).
Regarding the long-term outcomes, disease-free survival rate and overall survival rate for the anatomic LLR and nonanatomic LLR groups were not significantly different [ Figure 8 ], and the median duration of follow-up was 11 months.
dIscussIon
In the year 2008, the Louisville statement had suggested the indications for laparoscopy should be: (1) solitary lesions; (2) tumor diameter <5 cm; and (3) tumor locates in left lateral or anterior hepatic segments (Couinaud's segment 4b, 5 and 6). [10] With the surgical technique developed and experience accumulated, multiple tumor or tumor larger than 5 cm are no longer considered to be a contraindication. In our study, we performed 19 cases of operations for tumors larger than 5 cm (14 for the anatomic procedure and 5 for the nonanatomic procedure), and 24 cases for multiple tumors (10 for the anatomic procedure and 14 for the nonanatomic procedure). We also performed LLR for tumors in the posterior segments or central liver. There were 15 cases for the segment 7, 8 operations (4 for anatomic procedure and 11 for nonanatomic procedure), which used to be considered as a "forbidden area" for laparoscopic liver surgery.
[10] However, we still take operations requiring vascular or biliary reconstruction as the contraindication for laparoscopy. Over the past decade, there was a tendency toward a more extensive hepatectomy procedure selected among patients with larger tumors or more deeply located tumors. [3, 10, 18] How to decide the exact type of liver resection in open surgery, anatomic or nonanatomic resection, has been a controversy for a long time. To our best knowledge, there is no published study discussing this issue in the LLR. Earlier studies have advocated that anatomic liver resection is surgically and oncologically superior to nonanatomic liver resection in open procedures, especially for primary HCC. [15, 16] In treatment of primary HCC, complete removal of intraoperative metastasis occurring by vascular invasion is one of the most important considerations. Moreover, anatomic liver resection allows the complete removal of the main tumor and possible venous tumor thrombi, as mentioned before. Although the oncological benefit of anatomic resection for liver metastasis may not be as significant as for the treatment of HCC theoretically, it is considered that anatomic resection still has some advantages. [13] In the case of patients with a liver metastasis who is expected to receive a liver resection after neoadjuvant chemotherapy, the tumor boundary may be sometimes unclear on the intraoperative ultrasonography, and then an anatomic liver resection has the potential advantage of ensuring an adequate surgical margin. [17] In addition, there is also a possibility of reducing the risk of bile leakage. [23] [24] [25] It was previously reported that the open anatomic liver resection had a longer operation time, more bleeding during operation, similar or better surgical margin, same perioperative mortality and morbidity, and same length of hospital stay, but a larger tumor size compared with the nonanatomic procedure. This study shows the similar perioperative results in pure laparoscopic surgery.
Intraoperative bleeding is a major concern during LLR. Postoperative mortality and morbidity are correlated with the amount of blood loss. [26] There are some techniques to reduce intraoperative blood loss by selective vascular clamping, which are the most important techniques because bleeding control is more difficult in the laparoscopic surgeries than in the open surgeries. The Glissonian approach has been established and evaluated before. [19] [20] [21] [22] The Glissonian pedicle approach is one of the key techniques of laparoscopic anatomic liver resection. As mentioned before, the extra-Glissonian approach is an extremely useful method in an open liver surgery. Selectively clamping with extra-Glissonian pedicle can avoid ischemia of the other parts of the liver.
[27] Therefore, we applied this feasible and effective technique in laparoscopic procedures. However, during the LLR procedure for left liver sectors, we always open the Glisson sheath and clamp vessels and bile ducts, respectively, to avoid the mis-clamping of variant vessels draining in the right anterior sector and hepatic bile ducts collecting from the right liver. [19] After ligating the Glissonian pedicle, we dissected the liver parenchyma with the combination of ultrasonic shears and the LigaSure (Covidien Plc. Dublin, Ireland). Any vessel >3 mm was ligated or clipped. Monopolar electrocoagulation of spray mode was used to control the oozing of blood.
Although having a longer operation time, the anatomic group also have the larger tumor size, the deeper and more complex tumor location, and the larger area of parenchymal transection. Liver parenchymal transection is one of the most difficult and time-consuming parts of anatomic liver resection. The fear of bleeding during parenchymal transection has deterred many surgeons from attempting to carry out the pure laparoscopic procedures. The nonanatomic LLR group has more blood loss compared with the anatomic LLR group when the area of parenchymal transection is equal or more than 30 cm 2 . This result infers that the nonanatomic LLR may lead to a difficult blood control and more blood loss, compared with the anatomic LLR, for a similar size and located tumor. Not only provide a potentially better oncological outcome compared with nonanatomic liver resection, but the anatomic procedure also reduce the blood loss during the parenchymal transection in some difficult procedures which need to transect a large area of parenchyma.
Surgeons are accustomed to select the nonanatomic procedure for small and superficial lesions and choose the anatomic liver resection for large and deep tumors. This study may provide some evidence for this usual practice. We suggest that anatomic procedure may be more advantageous for a large size or deeply located tumor, when a large area of parenchymal resection is predicted, only if we control and ligate the corresponding Glisson pedicle successfully and remove the complete segment or sector.
In respect to the long-term outcomes, the disease-free and overall survival rates were similar between the anatomic and nonanatomic groups. However, the observation period was short in this study with a median follow-up time of 11 months, as the laparoscopic anatomic liver resection was extensively performed in recent years, further studies with longer follow-ups are needed.
Some inherent limitations need to be mentioned. In our study, a larger tumor size was observed in the anatomic LLR group. It might be influenced by the selection bias in the early period of this study. Because the absence of recognized criteria for anatomic liver resection, surgeons tend to select surgical procedure depending on their personal experiences. At the early period of study, we preferred local resections for small tumors like most surgeons. However, we found that nonanatomic LLR was not safer and easier than anatomic procedures in some conditions. With the number of cases increasing, we believed the tumor location and lesion numbers should be placed in the same position with tumor maximal size for the selection of surgical procedures. Liver lesions with these features as follows were considered as absolute indications of anatomic resection in our hospital: (1) the maximal diameter of tumor was more than 3 cm, and the tumor was located more than 3 cm from the liver capsule; (2) there were more than 3 lesions located in a single liver segment or lobe. An exophytic lesion was inclined to be locally resected. The maximal tumor diameter in the nonanatomic LLR group is 12.0 cm, and the tumor size is no longer the only important criterion of choosing surgical procedure. The sample size is inadequate for subgroup analysis, and future matched pair studies are warranted. Besides, this study was limited to malignant lesions as the diagnosis (benign or malignant) may influence the types of resection and the surgical principles. The perioperative parameters we focused on for benign and malignant liver lesions were also different. In addition, we always slice the benign specimens piece by piece before delivered from the abdomen to minimize the abdominal incision, which makes it impossible to measure and compute the area of parenchymal transection.
In conclusion, both anatomic and nonanatomic pure LLRs are safe and feasible as it is shown in this study. Anatomic LLR is associated with more operation time and more intraoperative blood loss. However, the blood loss per unit area is less in the anatomic LLR group compared with nonanatomic LLR group. The measure for the area of parenchymal transection is a simple and effective method to estimated liver resection surgery. For the large or deeply located tumors, it may be appropriate to perform an anatomic liver resection when the remnant liver function is adequate. Further studies involving a larger number of patients underwent pure LLR are warranted.
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